Background: Lung Ultrasound (LUS) has important role in diagnosis of different lung diseases so it can be used in diagnosis and early detection of Ventilator-Associated Pneumonia (VAP).
Patients and Methods:
This study was carried out on 100 patients divided into two Groups (A & B), each one included 50 adult male and female patients with suspected VAP. In Group A (LUS), we searched for lung ultrasound findings as subpleural consolidation, lobar consolidation, and dynamic arborescent/linear air bronchogram while in Group B (CXR), we searched for chest X-ray findings as lung infiltrates and air bronchogram. In both groups, Endotracheal Aspirates (EA) was collected for direct gram stain examination (EAgram) and culture (EAquant). LUS findings were analyzed in scores as the clinical-LUS score (Ventilator-associated Pneumonia Lung Ultrasound Score [VPLUS] ) which was calculated as follows: ≥2 areas with subpleural consolidations, 1 point; ≥ 1 area with dynamic arborescent/linear air bronchogram, 2 points; and purulent EA, 1 point. Positive direct gram stain examination (EAgram) or positive culture (EAquant) which had 2 points were added to VPLUS to be VPLUS EAgram and VPLUS EAquant.
Results: The sensitivity and the specificity of lung ultrasound findings in Group A (LUS) were higher than chest Xray findings Group B (CXR) as presence of ultrasound signs in Group A (LUS) (lobar/hemilobar consolidations, dynamic air bronchogram, subpleural consolidations) separate or combined gave us sensitivity 97%, lobar or hemilobar consolidations had sensitivity 94%, presence of dynamic air bronchogram or subpleural consolidations gave us sensitivity 94%, VPLUS-EAquant ≥3 gave us sensitivity 94%. The best specificity was found also in Group A as (air bronchogram + subpleural consolidations + positive culture or positive gram stain examination) gave us the highest specificity 100%, combination of (dynamic air bronchogram and subpleural consolidations) gave us high specificity 94%, combination of (lobar/hemilobar consolidations, dynamic air bronchogram Introduction VENTILATOR-Associated Pneumonia (VAP) is a common respiratory disease which occurs 48 hours or more on Mechanical Ventilation (MV), associated with increased mortality and morbidity. There are two types of VAP: (A) Early onset VAP which occurs within the first 4 days of mechanical ventilation [1] . (B) Late onset VAP which happens after day 4 and is more frequently due to Multidrug-Resistant pathogens (MDR) [2] . VAP suspected by presence of a new lung infiltrate in chest radiographs after admission, with at least two of the following clinical signs and symptoms: Purulent tracheal secretions, body temperature (≥38.5ºC or ≤ 36.5ºC), leucocytosis (>11,000 cells/mm 3 ) or leucopenia (<4,000cells/mm 3 ), PaO 2 to FiO 2 ratio <300mmHg with no evidence of acute respiratory distress syndrome [3, 4] .
Diagnosis of VAP includes clinical data, chest xray, culture, gram stain examination and lung ultrasound. Culture from endotracheal tube is the gold standard for diagnosis of VAP. Chest X-ray used for diagnosis of VAP by finding new lung 1987 infiltrates which may bilateral scattered, lobar or hemilobar [5] .
Also lung ultrasound used in diagnosis of VAP. Lobar/hemilobar consolidations, sub-pleural consolidations, dynamic air bronchogram are the sonographic signs of VAP [6] . Prevention of VAP can be done by some ways as limiting exposure to mechanical ventilation, preferring non-mechanical ventilation when possible, reducing airways colonization by oral care decontamination using chlorhexidine, or preventing aspiration (e.g. by nursing in the semi-recumbent position, or maintaining a sufficient cuff pressure), daily sedation hold, strict hand hygiene with alcohol especially before managing the airways, prevention of biofilm formation in the lumen of endotracheal tube and around the cuff [7, 8] .
Treatment involves identifying the causal germs and active antibiotic therapy. Any delay in starting antibiotics in severe sepsis increases mortality, therefore the need for early detection of VAP [9, 10] . In this study, we evaluated the role of lung ultrasound for early detection of ventilator-associated pneumonia in comparison to chest X-ray.
Material and Methods
This study was carried out in Tanta University Hospitals at Surgical Intensive Care Unit (SICU) from June 2017 to May 2018 after approval from Institutional Ethical Committee, all data of patients were confidential with secret codes and private file for each patient, also an informed consent was obtained from every patient participating in this study that included 100 patients divided into two Groups (A & B), each one included 50 adult male and female patients with suspected VAP ranged from 18 to 70 years old.
Inclusion criteria:
The study included the patients with suspected VAP. The duration of MV differed from one patient to another and so time of suspicion of VAP. Patients put on MV due to different causes as intra cranial haemorrhage, brain tumor, polytrauma, intestinal obstruction, abdominal exploration. Vital data as temperature, blood pressure, heart rate, oxygen saturation were measured regulary as routine assessment in ICU.
Routine investigations as CBC, eletrolyte, ABG and others were done, assessed in regular way. Also chest X-ray and culture from endotracheal tube were routine investigations in ICU. Clinical suspicion of VAP was based on the classical criteria as: Patient on MV >_48h, two or more of the fol-lowing criteria: Fever ( >_38.5ºC) or hypothermia (<36.5ºC), leukocytosis (>11,000/ml) or leukopenia (<4000/ml), purulent tracheal secretions, Pao 2/Fio2 (<300mmHg) [4] .
Exclusion criteria:
• Patients (<18->70) years old.
• Patients who already diagnosed VAP or had any clinical suspicion in <48h of start of MV.
Group classification:
Group A: This group included 50 adult male and female patients at time VAP was suspected, lung ultrasound with direct gram stain examination and culture from endotracheal aspirate were done for each patient when VAP was suspected. Endotracheal aspirate was collected through sterile catheter from endotracheal tube then submitted to direct gram stain examination (EAgram) and culture (EAquant), EAgram was considered positive if any bacteria was visualized after gram stain testing on tracheal secretions, EAquant was positive and confirmed diagnosis of VAP when ( >_ 1 microorganism with a concentration >_ 10 4 CFU/ml) [11] . The ultrasound probe that was used in Lung Ultrasound (LUS) is (3-5MHz) deep convex probe that allowed good visualization of the lung.
Examination was done in supine position in six areas (superior and inferior areas in the anterior, lateral, posterior fields using parasternal, paravertebral, anterior and posterior axillary lines as landmarks, with transverse line between parasternal and paravertebral line through the nipple) Fig. (1) . The lateral position was used for posterior lung surface examination and the probe put vertically on the chest tilting it to get good image Fig. (2) .
The following ultrasound findings were collected: 1-Small subpleural consolidations (echo-poor regions >0.5cm in diameter).
2-Lobar/hemilobar consolidations defined by a tissue-like pattern.
3-Dynamic linear or arborescent air bronchogram within lobar/hemilobar consolidations (air entrapped within bronchi with simultaneous movement with inspiration) Fig. (4) .
Ultrasound findings were collected together in a score called (Ventilator-associated Pneumonia Lung Ultrasound Score) (VPLUS) [12] that was as followed: ->_2 areas with subpleural consolidations, 1 point.
->_ 1 area with dynamic linear or arborescent air bronchogram, 2 points. Ahmed A. Abd El-Wahed, et al. 1989 -Purulent Endotracheal Aspirate (EA), 1 point.
Also ultrasound findings and microbiological findings were collected together in scores called (ventilator-associated pneumonia lung ultrasound direct gram stain examination & culture score) (VPLUS EAgram & VPLUS EAquant) [12] that were as followed: -≥2 areas with subpleural consolidations, 1 point.
-≥ 1 area with dynamic linear or arborescent air bronchogram, 2 points.
-Purulent Endotracheal Aspirate (EA), 1 point.
Positive direct gram stain examination or culture (EAgram/EAquant), 2 points.
Sensitivity and specificity of VPLUS, VPLUS EAgram, VPLUS EAquant scores were measured to help in early diagnosis of VAP.
Group B: This group also included 50 adult male and female patients with suspected VAP, chest X-ray was done for every patient in this group with also direct gram stain examination (EAgram) & culture (EAquant) from Endotracheal Aspirate (EA) at time VAP was suspected. New chest Xray was done to the patients who had chest xray done before clinical suspicion. EA was collected through sterile catheter passed through endotracheal tube, EAgram was considered positive if any bacteria was visualized after gram stain testing on tracheal secretions, EAquant was positive and confirmed diagnosis of VAP when ( ≥ 1 microorganism with a concentration ≥ 104CFU/ml).
The most common findings of chest X-ray in VAP were lung infiltrates or patches that involve one lobe or more or may be scattered all over the lung Fig. (5) . Also there were other findings as air bronchograms, para pneumonic effusion, silhouette sign (loss of normal borders between thoracic structures). Culture and gram stain examination results were appeared within 2-4 days, their results were correlated with the findings of lung ultrasound and chest X-ray which were done at time of sucpicion.
Statistical presentation and analysis was conducted by SPSS V.24. Results were expressed as means ± Standard Deviation (SD). Sensitivity and Specificity were calculated for LUS signs (lobar/ hemilobar consolidation,dynamic linear/arborescent air bronchograms, and subpleural consolidation), chest X-ray signs, clinical (purulent secretions) and for microbiologic (EA).
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Results
Our results showed that there was no significant difference between both group regarding demographic data (age, BMI & sex), duration of MV at time of suspicion of VAP. Pseudomonas aeruginosa was the most common organism in Group A while Escherichia coli was the most common one in Group B. The first 33 patients were VAP patients in Group A (LUS) while first 30 patients were VAP patients in Group B (CXR).
If we search for the best sensitivity we found it in Group A, presence of ultrasound signs in Group A (LUS) (lobar/hemilobar consolidations, dynamic air bronchogram, subpleural consolidations) separate or combined gave us sensitivity 97%, lobar or hemilobar consolidations had sensitivity 94%, presence of dynamic air bronchogram or subpleural consolidations gave us sensitivity 94%, VPLUS-EAquant ≥3 gave us sensitivity 94%, VPLUS-EAgram ≥3 gave us sensitivity 85%, subpleural consolidation ≥ 1 had sensitivity 82%.
The best specificity found also in Group A as (air bronchogram + subpleural consolidations + positive culture or positive gram stain examination) gave us the highest specificity 100%, also combination between dynamic air bronchogram ≥ 1 or 2 and positive culture or gram stain examination had high specificity 94%, combination of (dynamic air bronchogram and subpleural consolidations) gave us high specificity 94%, combination of (lobar/ hemilobar consolidations, dynamic air bronchogram and subpleural consolidations) gave us also high specificity 94%, subpleural consolidation ≥2 and positive gram stain examination (EAgram) gave us specificity 94%, (VPLUS-EAquant ≥4, VPLUS-EAgram ≥4 and VPLUS ≥3) had specificity 94%, (VPLUS-EAgram ≥3 and VPLUS ≥2) had specificity 82%, subpleural consolidations ≥ 1 and positive gram stain examination or culture had specificity 88%, dynamic air bronchogram ≥2 alone had high specificity 88%, dynamic air bronchogram ≥ 1 also had high specificity 82%.
On the other hand, signs of chest X-ray in Group B had lower sensitivity and specificity compared to lung ultrasound in Group A as chest xray infiltrates gave us sensitivity 53%, specificity 25%, air bronchogram had sensitivity 33%, specificity 40%, presence of (chest xray infiltraes, air bronchogram) separate or combined gave us sensitivity 57%, specificity 25%, also if we compared each sign in both groups with another as lobar consolidations to chest X-ray infiltrates and air bronchogram in both groups we found that lung ultrasound had better results.
According to the above mentioned results, Group A, sensitivity of lung ultrasound reachs 97% and specificity reachs 94%, Group B, sensitivity of chest X-ray reachs 57% while specificity reachs 40%, so lung ultrasound is better than chest X-ray for early diagnosis of VAP.
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Lung ultrasound had advantages in diagnosis of VAP as it is a bedside noninvasive technique, easily available, no exposure to radiation, not cost much, safe in pregnant women, highly accurate, but it had some limitations as LUS is operator dependent and requires a trained physician, some patients may be difficult to examine by using LUS (eg, obese individuals, patients with subcutaneous emphysema or large thoracic dressings). Sonographic signs of VAP were lobar/hemilobar consolidations, subpleural consolidations, dynamic air bronchogram or fluid bronchogram.
Chest X-ray used as a routine tool for diagnosis of VAP by finding new lung infiltrates which may bilateral scattered, lobar or hemilobar but it had disadvantages as radiation, difficult in transporting device and critically ill patients, cost, not easily available, not highly accurate and not safe in pregnant women, sometimes bad quality of films. Culture from endotracheal tube is the gold standard for diagnosis of VAP which is positive when ( >_ 1 microorganism with a concentration >_ 1 0 4 CFU/ml) but it needed 2 to 4 days to appear. Mechanism of VAP came from migration of microorganisms through endotracheal tube by positive-pressure MV.
The sensitivity and specificity of LUS signs were high especially when combined with microbiological findings as (air bronchogram + subpleural consolidations + positive culture or positive gram stain examination) gave us the highest specificity 100% and PPV 100%, presence of ultrasound signs (lobar/hemilobar consolidations, dynamic air bronchogram, subpleural consolidations) separate or combined gave us sensitivity 97%, lobar or hemilobar consolidations had sensitivity 94% found in most patients, presence of dynamic air bronchogram or subpleural consolidations gave us sensitivity 94%, combination of (dynamic air bronchogram and subpleural consolidations) gave us high specificity 94%, combination between dynamic air bronchogram >_ 1 or 2 and positive culture or gram stain examination had high specificity 94%, subpleural consolidation >_2 and positive gram stain examination (EAgram) gave us specificity 94%, subpleural consolidations >_ 1 and positive gram stain examination or culture had specificity 88%, also VPLUS-EAquant >_3 gave us sensitivity 94% and (VPLUS-EAquant >_4, VPLUS-EAgram >_4 and VPLUS >_3) had high specificity 94% while chest xray in Group B (CXR) had lower sensitivity and specificity compared to lung ultrasound in Group A.
In agreement with our results, Mongodi et al., [12] ,assessed the accuracy of lung ultrasound in 99 patients with suspected VAP, lobar/hemi lobar consolidation occurred universally in patients without VAP, with sensitivity 93% and specificity was 0. One or more areas with a small subpleuralconsolidation had a sensitivity of 81% and a specificity of 41%, whereas one or more areas with a consolidation and dynamic air bronchograms had a sensitivity of 44% and a specificity of 81%. The specificity of these signs increased when they were present in a greater number of areas, VPLUS-EAgram >_4 had a sensitivity of 48% and a specificity of 97%, VPLUS-EAgram >_3 had a sensitivity of 78 up to 88% and a specificity of 77 up to 90%, VPLUS-EAquant >_4 had a sensitivity of 57% and a specificity of 96%, VPLUS-EAquant >_3 had a sensitivity of 83 up to 92% and a specificity of 79 up to 92%.
In agreement with our results, Cortellaro et al., [13] ,prospective study was done on 120 patients, pneumonia suspected by clinical criteria as leukocytosis, leucopenia, fever hypoxia, new infiltrate in chest xray, diagnosis by ultrasound by detection of consolidations and dynamic air bronchogram. This gave us sensitivity of 99% and specificity of 95%, makes ultrasound better than X-ray for diagnosis of pneumonia.
Similarly, Lichtenstein et al., [14] , prospective study that was done on 260 patients, suspicion based on clinical picture and new CXR infiltrates, using lung ultrasound for detection of dynamic air bronchogram in mechanically ventilated patients with pneumonia. The sensitivity reported in this study was 89% and the specificity was 94% in diagnosing VAP. Also in agreement with our results, Berlet et al., [15] , performed daily LUS for at least 5 days in 57 patients and assessed consolidations, dynamic air bronchogram, fluid bronchogram. Lung ultrasound had a sensitivity of 92% and a specificity of 65% (40-80%).
In disagreement with our results, Corradi et al., [16] , prospective study was done on 35 patients in ED, pneumonia suspected clinically and chest Xray infiltrates, ultrasound diagnosis of pneumonia done by finding consolidations and air bronchograms. The sensitivity of lung ultrasound was 57% that is much lower than ours, specificity up to 86%. This disagreement may be due to number of patients in this study was lower than our study, may be also because inclusion involved community acquired not only ventilator associated pneumonia.
In disagreement with our results, Gatt et al., [17] , this study was done on large number of patients 507 in ED, chest radiology was done for detection of any abnormalities such as consolidations, pleural effusion, congestion or any abnormalities, the sensitivity of consolidations by chest X-ray was 65% and specificity was 95%, this comes with disagreement with our results which chest X-ray has lower results in sensitivity and specificity, this may be due to large number of patients in this study, also not specific for studying consolidations only but any other abnormalities as well.
Also in disagreement with our results, Zagli et al., [18] , retrospectively investigated the accuracy of alveolar consolidation in a comprehensive LUS examination. Sonographic consolidation had a sensitivity of 59% and a specificity of 84%, our results consolidations have higher sensitivity reached to 94%. It may be due to Zagli worked on more patients 221. Also this study assessed the accuracy of LUS, when used in conjunction with Clinical Pulmonary Infection Score (CPIS) and Procalcitonin.
Xirouchaki et al., [19] prospective study was done on 42 mechanically ventilated patients in ICU. Chest X-ray, lung ultrasound, CT scan were done for diagnosis of consolidation, interstitial syndrome, pneumothorax and pleural effusion. According to consolidations by lung ultrasound, sensitivity was 100%, specificity was 78% while by chest X-ray, sensitivity was 38%, specificity was 89%, this study comes with agreement with our study in high sensitivity of lung ultrasound, lower sensitivity of chest X-ray but it comes with disagreement with our study in high specificity of chest X-ray and became higher than lung ultrasound.
Conclusion:
Lung ultrasound has several advantages over chest X-ray. It has high diagnostic accuracy in diagnosis of VAP. Its sensitivity and specificity higher than chest X-ray, so lung ultrasound is better than chest X-ray for early diagnosis of VAP.
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